Introduction: Individuals with subjective cognitive decline (SCD) are at increased risk of Alzheimer's disease and could benefit from a prevention strategy targeting lifestyle factors. Making a program available through the Internet gives a widespread reach at low cost, but suboptimal adherence is a major threat to effectiveness. As a first step in developing an online lifestyle program (OLP), we aimed to identify factors that are barriers and/or facilitators for the use of an OLP in individuals with SCD in three European countries. Methods: As part of the Euro-SCD project, SCD subjects were recruited at memory clinics in the Netherlands, Germany, and Spain. We combined quantitative and qualitative methods, using a mixed methods approach. We conducted an online 18-item survey on the preferences of SCD patients for an OLP (N 5 238). In addition, we held semi-structured interviews (N 5 22) to gain in-depth understanding of factors acting as a facilitator and/or barrier for intended use of an OLP. Audio recordings were transcribed verbatim. Content analysis was performed. Results: One hundred seventy-six individuals completed the survey (response rate 74%). Almost all participants regularly use the Internet (97%). Participants reported trustworthiness (93%), userfriendliness (91%), and up-to-date information (88%) as main facilitators, whereas having contact with other users (26%), needing an account (21%), and assignments (16%) were reported as barriers. Barriers differed slightly between countries, but facilitators were largely similar. In-depth interviews revealed that both program characteristics (e.g., trustworthiness, user-friendliness, and personalization) and personal factors (e.g., expectancy to receive negative feedback) are likely to influence the intended use of an OLP. Discussion: Involving users provided in-depth understanding of factors associated with the intended use of an OLP for brain health. Both program characteristics and personal factors are likely to influence the use of an OLP. Based on this input from the end-users, we will develop an OLP for individuals with SCD.
Background
The number of people with Alzheimer's disease (AD) will dramatically increase in the coming 30 years [1] . Unfortunately, there is no successful therapeutic intervention for AD yet [2] . However, there is a large window for preventive strategies because brain changes related to AD start decades before the clinical onset of the disease [3] . Former studies have suggested that roughly 30% of the incidence of dementia is attributable to a combination of modifiable risk factors [4] [5] [6] . This emphasizes the potential for lifestyle intervention as a strategy to reduce the incidence of AD or delay its onset.
The Internet is a suitable medium to make interventions available for a large audience at a low cost [7] . Online strategies have been found to be effective in changing lifestyle behavior [8, 9] . Recently, a number of preventative strategies against cognitive decline were developed including online components (e.g., [10, 11] ). However, online interventions have difficulty achieving good adherence rates [12] [13] [14] . A recent analysis of adherence to the FINGER study and MAPT trials showed low simultaneous adherence to all components with lowest adherence being related to more intensive and unsupervised parts of the intervention [15] . It is unknown whether cultural difference between countries might play a role in differences in adherence. Many interventions could benefit from a more participant-centered design. In case of low adherence, it is possible that end-users were insufficiently engaged in the process of development. Involving users throughout development in a process of co-creation has a positive effect on user satisfaction and fitting user preferences [16] [17] [18] [19] [20] [21] [22] . The investigation of preferences, barriers, and facilitators that influence the use of a lifestyle intervention is more common in other clinical research fields (e.g., [23, 24] ). However, only a few projects specifically investigated these factors at the beginning of the development process (e.g., [6] ). Preferences of individuals with cognitive complaints for a lifestyle intervention for brain health have not yet been investigated.
In this study, we focus on individuals who report cognitive decline, while their scores on cognitive tests are normal. Former studies have shown that these individuals with so called "subjective cognitive decline" (SCD) are at increased risk of dementia [23] [24] [25] [26] . Furthermore, individuals with SCD are likely to be highly interested in brain health. With the ultimate aim to develop an online lifestyle program (OLP) tailored for individuals with SCD ( Fig. 1 : project overview), we performed a mixed methods study to identify factors that would act as barrier or facilitator in the usage of an OLP among SCD subjects in three European countries. We specifically aimed to identify factors important to self-guided programs. Fig. 1 . Project overview. This figure shows the developmental steps of an online lifestyle program for brain health within the EuroSCD project. First, wishes and preferences were investigated using a mixed methods approach, which is described in the present study. This phase included a survey study and interviews. Second, in co-creation with the users, an iterative process of development and evaluation will be conducted, with the ultimate aim to develop an online lifestyle program fitting the preferences of individuals with subjective cognitive decline. Abbreviation: SCD, subjective cognitive decline.
Methods

Design
This study is part of the European Euro-SCD study (JPND_PS_FP-689-019), of which one aim is to develop an Internet-based tailored lifestyle modification strategy for individuals with SCD ( Fig. 1: project overview) . The Euro-SCD working group is a collaboration among the VU University medical center, Alzheimer Center in Amsterdam (the Netherlands [27] ), Hospital Clinic Barcelona (Spain), and the Center for Memory Disorders, University Hospital Cologne (Germany).
We used a mixed methods design [28] , facilitating the integration of quantitative and qualitative findings. First, we distributed a survey among individuals with SCD focusing on Internet usage and the preferences for an OLP, in all three countries. In parallel, semi-structured interviews were conducted in the Netherlands and Germany to gain indepth understanding of factors associated with the intended use of an OLP. Interviews provide additional information on factors of importance that were not included in the survey but also in-depth understanding of factors that were included in the survey.
The study protocol was approved by the Medical Ethical Committee of the VU University Medical Center Amsterdam, the Medical Ethical Committee of the Hospital Clinic Barcelona, and the Medical Ethical Committee of the University of Cologne. All interviewed participants provided written informed consent.
Participants
We included participants with SCD. All participants had cognitive complaints for which they visited the memory clinic. Participants underwent clinical workup, including clinical evaluation, neuropsychological assessment, and magnetic resonance imaging scan. When all clinical investigations were normal, patients were labeled as having SCD (i.e., clinical criteria for mild cognitive impairment, dementia, or any psychiatric disorder not fulfilled).
Recruitment
Survey
For the survey, we invited 238 SCD subjects from three European memory clinics (Barcelona N 5 26, Amsterdam N 5 176, and Cologne N 5 36). Participants were recruited during their annual research visit, by individual telephone call of the interviewer or by a newsletter.
Interviews
The semi-structured interviews were conducted in Amsterdam and Cologne. In Amsterdam, the interviews were announced in a digital newsletter, and subjects were invited to contact the researcher (L.M.P.W.). In Cologne, SCD subjects were approached individually by telephone (A.-K.S.).
Survey
The survey (available on request) contained questions regarding the Internet usage and preferences for an OLP. We developed the survey in collaboration with the international Euro-SCD working group and members of a scientific patient panel (Amsterdam). We distributed the online survey via an anonymous link (via www.Qualtrics.com) or on paper when requested. Based on automatic time recording, participants approximately needed 15 minutes to fill out the digital version of the survey. The survey consisted of the following domains (number of items): Internet use (seven), sources of health information (seven), use of an OLP for brain health (two), lifestyle topics of interest (one; seven sub items), and possible barriers and facilitators for the use of an OLP (one; 10 sub items) and demographics (six). Based on the Dutch Personal Data Protection Act [29] , some demographics were categorized (e.g., age ranges). The survey was adaptive; if the participant for instance reported not using Internet, follow-up questions about Internet use were skipped.
To report topics of interest concerning lifestyle, participants indicated whether they would be interested in topics out of a list of six topics. To report barriers and facilitators, participants indicated for 10 factors whether they expected it to stimulate or hinder them to use an OLP. The importance of trustworthiness was indicated using a VAS scale (Visual Analogue Scale; 0 to 100).
Semi-structured interviews
We conducted semi-structured interviews to gain indepth understanding of factors associated with the intended use of an OLP. Of the 22 participants, 14 were Dutch and eight, German (mean age 67 6 9.2 years; female: 10 [45%]). The education level varied from average (beyond high school) to high (university). The topic list included the following: sources of health information, use of Internet, experience with lifestyle adaptation, OLP for brain health, and barriers and facilitators for the use of an OLP (see Supplementary Material). All topics were discussed in the interviews; the order varied depending on the input of the participant. The semi-structured interviews took approximately 1 to 1.5 hours. The Dutch interviewer (L.M.P.W.) attended the German interviews (A.-K.S.) to ensure a similar interview procedure. Conducting and analyzing the interviews occurred through an iterative process, such that data of past interviews were allowed to influence upcoming interviews. This process allows the researcher to get deeper into the data and see patterns emerge, while continuing data collection. Data were collected until data saturation was reached, meaning that no more new themes emerged from the interview data, and the researchers saw strong repetition [30] . Interviews were audiotaped, and summaries of the interviews were sent to the participants to check for a correct interpretation of the interview (member check) [31] . All 22 participants responded to the member check, of which seven provided minor corrections or additional information. Dutch interviews were transcribed verbatim whereas the German interviews were summarized, including quotes. We used the Dutch transcripts and Dutch summaries of the German interviews for data analysis.
Data analysis 2.6.1. Survey
We used completed surveys in the analysis. Because the survey was anonymous, we do not have information on nonresponders. Descriptive statistics were used to report participant characteristics. Chi-squared tests were performed to investigate whether Internet usage and barriers and facilitators varied between age groups, sex, and countries. We used IBM SPSS Statistics, version 22 [32] . P values less than .05 were considered significant.
Interviews
Thematic content analysis [33, 34] was performed on the transcripts of the interviews, using MAXQDA software (www.maxqda.com). All Dutch transcripts were independently coded by two researchers (L.M.P.W. and J.H.P.M.). We used open coding, allowing codes to arise from the data and avoiding codes based on prepositions of the researchers [35] . The codes were compared, and in case of discrepancies, coded transcripts were discussed up to consensus. Thematic categories were extracted, and a coding framework was developed. Dutch summaries of German interviews were coded based on the coding system that emerged from the Dutch data, specifically looking for information to complement Dutch data. If additional insights were collected, the coding system was adapted. Otherwise, German data were included into the coding system.
Results
Survey
Participant characteristics
The total response rate for the survey was 176/238 (74%), female: n 5 80 (45%). Most of the participants were aged 60 to 70 years (n 5 79, 45%) and had education beyond secondary school (n 5 129, 73%) ( Table 1 ). The majority of the participants used Internet on a daily basis (n 5 134, 78%), and only five participants (3%) did not use Internet at all. Compared with German participants, Dutch participants more often used the Internet (daily: Netherlands: 82%; Germany: 62%, P 5 .003). While computer, laptop, and smartphone use did not differ between countries, Dutch participants more often used a tablet compared with the other countries (Netherlands: 52%; Germany: 28%, and Spain 33%, P 5 .009). Frequency of Internet usage did not differ between age or gender groups (Table 1) . Most participants reported the Internet as their main source for information on memory and the brain (n 5 140, 80%).
OLP for brain health
Nearly all participants reported believing that a healthy lifestyle can contribute to brain health (n 5 172, 98%). This was consistent across countries and age groups; four female participants reported not to believe this link. In addition, most participants expected that they would use an online program providing advice on lifestyle to maintain brain health (n 5 164, 93%). When asked for topics of interest concerning lifestyle, most participants mentioned that they were interested in nutrition (n 5 145, 82%), cognitive activity (n 5 142, 81%), and physical activity (n 5 139, 79%). Topics mentioned less often were sleep and relaxation (n 5 117, 67%), positive attitude (n 5 80, 46%), and social engagement (n 5 73, 41%).
Barriers and facilitators
Trustworthiness, user-friendliness, and up-to-date information were reported as the most important facilitators for the use of an OLP (resp. n 5 163, 93%; n 5 160, 90%; n 5 155, 88%). About half of the participants (n 5 90, 52%) reported undertaking steps to establish whether the source of online information is trustworthy. "Having contact NOTE. Gender, age, education, Internet access at home, and frequency of Internet usage were described based on reporting of participants using multiple choice questions; reported in number and percentage of participants in total.
with other users", "account needed to use the program," and "assignments included in the program" were reported as potential barriers (n 5 46, 26%; n 5 37, 21%; n 5 28, 16%). These results are presented in Table 2 .
The reported barriers and facilitators were the same between age groups and sex. Comparing countries, there were three barriers that differed. First, "having contact with other users" was reported more often as a barrier by Dutch participants (n 5 43, 34%) while participants in Germany and Spain mentioned as a neutral factor (barrier reported respectively n 5 2, 6%; n 5 1, 6%, both P , .01). Second, German participants reported more often "tracking behavior" as a barrier (n 5 12, 38%) compared with Dutch and Spanish participants who mainly reported this as a motivating factor (motivating respectively n 5 69, 55%; P 5 .000; n 5 14, 78%, P 5 .001). Third, most Dutch and German participants report "needing an account" as a neutral factor (respectively n 5 70, 56% and n 5 21, 66%), while Spanish participants considered this a motivating factor (n 5 9, 50%; both P , .05).
Interviews
Identified themes
Content analysis revealed two main themes: program characteristics and personal factors. From these main themes, we extracted 12 subthemes. The results are ordered by the main and sub themes (Table 3 ) and illustrated with quotes (Tables 4 and 5 ).
Program characteristics
Program characteristics that were mentioned as a barrier for the use of an OLP were inflexibility of frequency and duration of the online sessions, and if the content would not be up-to-date and relevant to the participants.
Program characteristics that were mentioned as a facilitator were the content of the program when being trustworthy, up-to-date, and interesting. Participants mentioned that to them, trustworthy information is consistent and reliable information from a source that has proven expertise in the field. Online sources for information on brain health that were mentioned were for example random results of Google searches, websites of patient associations, and websites of health institutes. Although trustworthiness was considered very important, participants reported having trouble determining how trustworthy online information is. Program characteristics that were also mentioned as facilitator were receiving reminders and allowing to keep track of results. In addition, personalized content and advice and a user-friendly program were considered motivating functionalities of a program. In the context of user-friendliness, a clear structure, a guideline, and a program that is easy to use were mentioned. Table 4 presents illustrating quotes.
Personal factors
Personal factors that were mentioned as barriers were not having the time or the digital skills to use the program. In addition, participants mentioned psychological barriers, such as the expectancy to get disappointed by results on cognitive results or current lifestyle, or the expectancy to not persevere with the program and get disappointed by oneself. Personal factors that were mentioned as facilitators were having all information about the brain and lifestyle in one place, confirmation of what you already do and know about lifestyle and the brain, and the motivation for a healthy brain. Table 5 presents illustrating quotes.
Discussion
We aimed to identify factors that are barriers and/or facilitators for the use of an OLP in individuals with SCD. The data and information presented in this article are of high value to other researchers, developers, and clinicians, as we describe often underrated parts of development of a digital innovation. We found that both program characteristics and personal factors are deemed relevant by end-users for the use of an OLP. Program characteristics that might be a barrier included inflexibility in the use and the content of the program. Program characteristics that were mentioned as facilitators were trustworthiness, user-friendliness, and facilities of the program (e.g., reminders). Personal factors that might be a barrier were limited time, limited digital skills, and psychological barriers. Personal factors reported to facilitate the use were the wish for a total package of information, confirmation of what you do and know, and the motivation for a healthy brain.
In both the survey and the interviews, trustworthiness, user-friendliness, and personalization were mentioned as the main facilitators. In the survey, we only investigated program characteristics. The interviews provided additional information about personal factors of importance, including Abbreviation: OLP, online lifestyle program. NOTE. Participants could indicate whether they expected these factors to facilitate using an OLP to be a barrier for the use of an OLP or to have no impact for the use of an OLP (neutral). digital skills, a motivation for a healthy brain, and the expectancy to receive negative feedback or get disappointed by oneself for not persevering. In addition, interviews provided insight into what particular factors, such as trustworthiness, entail according to participants' perspective. While trustworthiness was mentioned as an important facilitating factor for the use of an OLP, the interviews showed that participants have problems determining how trustworthy an online source is. Our study showed that participants have a need for a trustworthy, total package of information, emphasizing the need for trustworthy online information about the prevention of AD. A recent study [36] showed that information about the prevention of AD varies in quality and sometimes includes conflicts of interest. Another study [37] reviewed factors that influence trust and credibility in web-based health information. Our results are in line with these studies because participants also mentioned authority of the owner, advertisement, and layout as factors that influence the perceived trustworthiness. The majority of both the survey and interview participants reported that lifestyle could contribute to brain health and wanted to use an OLP for brain health when available. This is in contrast with results of a recent study, showing that one-third of the people, who did not participate in an Internet-based lifestyle prevention program, thought that an online intervention is not an effective way to improve health [38] . These apparent differences could be due to the discordance between the intended and actual use. Alternatively, the disparate results can be explained by differences in population. Individuals at risk, and perhaps especially individuals with cognitive complaints, might have different intrinsic motivators to participate in preventative strategies compared with healthy individuals or individuals without physical risk factors. In addition, the awareness of a healthy lifestyle for brain health might differ between these groups. This study has some limitations. First, the survey was primarily distributed via an online link, and a paper version was offered on request. It could be argued that a selection bias was present in our study, including mainly individuals with good digital skills. However, the survey was available on paper on request, and almost all participants reported having access to the Internet at home and using it regularly. In addition, the target population for an OLP are people with sufficient digital literacy and therefore the current participants are representative of the future users. Second, participants were not evenly distributed over three countries, and it is unclear whether this might have induced a bias in our results. However, for this study, it was of interest whether one OLP could fit the preferences of individuals from three different European countries. With the present samples, we were indeed able to reveal subtle differences between the three countries. This is relevant information, as these The intrinsic motivation to work on brain health and the feeling of vulnerability of the brain NOTE. This table gives an overview of the themes and subthemes identified in the interview data. Every subtheme is described with summarized examples from the interviews. differences in barriers and facilitators across countries can be taken into account by making certain program facilities optional across countries. For example, participants could choose between not needing an account or receiving personalized feedback. In addition, Spanish participants were involved in the survey study only. Therefore, we have no detailed insights into their potential barriers and facilitators and how this might relate to those of German and Dutch participants. However, our numbers of participants for both the survey and the interview were sufficient for robust analysis, and the survey did not show evidence for cross-cultural differences. We will address the issue of unequal participant distribution by paying attention to differences between countries in future phases of the study. Third, in this study, we focused on SCD individuals who attended a memory clinic. Although this population is selective, they do present the majority of the target population. Future studies targeting population-based samples should be conducted to evaluate the suitability of such programs in samples outside the memory clinic.
The strengths of this study include the following: First, the international character of the study contributing to the generalizability of the results and implementation of the eventual tool in multiple countries. Second, the mixed methods approach, which allowed us to not only compare quantitative data of a larger group but also to perform qualitative in-depth analyses of barriers and facilitators. With this approach, we collected data on Internet usage and in-depth information on the factors that might influence the use of an OLP. Third, several procedures were applied to guarantee quality and validity of our findings. We used standardized procedures as much as possible. For the interviews specifically, we used input of different researchers (investigator triangulation) and member checks to contribute to the credibility of the interview data. Steps were taken to contribute to dependability (data saturation and iterative process), confirmability (e.g., documenting our steps, independent raters), and transferability (presenting quotes of the interviews) of the data [34] . Fourth, our samples were a good representation of the target population, contributing to robustness of the results. The response rate of the survey study was high (74%) compared with usual response rates of online surveys (23%-47%; [39] ). In addition, the high number of participants and the emergence of data saturation indicated robustness for qualitative data [40, 41] .
In conclusion, in this project focusing on individuals with SCD as a target group for interventions to prevent mild cognitive impairment and AD, we identified barriers and facilitators for the use of an OLP in a process of co-creation. We found that both program characteristics (trustworthiness, user-friendliness, and personalization) and personal factors (time, digital skills, expectancy of feedback, or perseverance) are relevant factors when developing and implementing an OLP for brain health. Participants own devices to access such a program via a computer, smartphone, or tablet. Although some factors differed across countries, similarities prevailed, providing confidence that one OLP fitting the needs of users across different European countries is feasible. As a next step in Euro-SCD, we are currently developing an OLP for brain health, incorporating the recommendations of our end-users. We continue involving end-users throughout the process of development and implementation to develop a tool that fits their wishes, preferences, and needs.
